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PURIFICATION OF MONOMERIC INTERFERON 



This invention relates to a new method for the 
isolation of fully oxidized homogeneous monomeric human 
leukocyte interferon. More particularly, this invention 
relates to a method of isolating the fully oxidized form 
alpha interferon through a series of purification steps 
including immunoaffinity chromatography, reverse phase 
chromatography, cation exchange chromatography and gel 
filtration chromatography. 

BACKGROTTWn OF THE INVENTTOrT 

The alpha-2 subspecies of human leukocyte 
interferon ( IFN.alpha-2 ) is a 165 amino acid polypeptide 
chain with a secondary structure characterized by two 
intramolecular disulfide bridges (CYsi-CYS 98 and CYS 29 - 
CYS 138 ) [G. Bodo and I. Fogy, "Characterization of Different 
Molecular Species in Affinity Purified Recombinant Human • 
interferon Alpha 2", TM Interferon System, pp. 23-27 (1985) . 
R. Wetzel, et al., "Properties of a Human Alpha-Interferon 
Purified From E^cgli Extracts" , J, intarfar. Res. , 1, pp . 
381-90 (1981)]. However, in the affinity purified 
polypeptide, Bodo and Fogy also found species of IFN-alpha-2 
in which the disulfide bonds were mispaired, or in which the 
critical cystines were partially or completely reduced. 
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certain o, these forms may have a lower 

tsee H. Hoorehead et a!., » Eoles of ^ 

of Subtype A of Human « i nterf eron in Its ^ 

and Conformational Stability-. fli2silsaia£E1: , ^ pp . 

(1984) }. Alternatively, they may present a conformation 
which is different fron toe Mt . v8 moiecuie - so ^ 

adverse reaction could be elicited upon 





or completely reduced forms are less stable and can 
result in further scrambled molecules. 

The literature distinguishes slow-moving monomers 
(«) having at least on. f ree sulfhydryl group (partially or 
fully reduced form, , and a fast-moving monomer (M , with two 
disulfide bonds (fuliy oxidized form, . The free sulfhydryi 

groups of SMM could give ri M +•« «i • 

give rxse to oligomers through the 






ar disulfide bonds. These oligomers 

a lower specific activitv ann 

v " y ' and may cause adverse 

reactions in hum»s C se. s. Pestka and s/ j. Tarnowski, . • 
"Purification of The Interferons", E!laa!!a£i ^ 

™-, 19 (1>M)J . -says for oligomers of interferon are " 
known [S. Pestka et al., "SDeeUM,. t 

, specific Immunoassay for Protein 

Dimers , Trimers , and Hiaho-r m ~~ 

^ na Higher Oligomers, " Anal^ JLipchein^, l32 

PP. 328-33 (1983); s. Pestka et ' 

et al., "Procedures For 

Measurement Of Interferon Dimers Wu- u 

uxmers And Higher Oligomers By 

Radioimmunoassay" , E^zy^, n 9 . DD _ 
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considering ail p oss i ble combinations of disulfide bonds and 
free sulfhydryl groups, theoretioaliy ten monomeric forms of 
IFN-alpha-2 exist. 

Upon extensive purification of the protein, 
D. R. Thatcher and N. Panayotatos isolated recombinant IFN- 
alpha-2, which they characterized as comprising a major 
component having a pi of 5.9 accompanied by three lesser 
anodic bands ["Purification of Recombinant Human IFN-cC", 
JlS^u Enzymology , H£, pp . l66 . 77 (l986)] . Accordina to 




Thatcher and Panayotatos, the purification of correctly 
folded, fully oxidized monomer is not simple, 
"conformational variants" have properties which 
similar to those of the native molecule. Further, their work 
suggests that conformational variants may arise from the fact 
that the intracellular environment of host microorganisms has 
a net reducing redox potential, which favors the production 
of the reduced form of the monomer. Their observed 

variants may arise from the reduced monomer. 
In view of the clinical importance of pure fully 
oxidized form of IFN-alpha-2, attempts have been made to 

isolate FMM from other forms of the protein m 

ae P rot em. Many procedures 

for the purification of m have been describe<J ^ 
literature. European patent application 108,585 refers to 
the removal of both oligomers and slow monomers from an 
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interferon preparation by inoubation at acid pH and elevated 
temperatures for a prolonged period. A.M. Felix et al . , 
"Analysis Of Different Forms Of Recombinant Human Leukocyte 
interferons by High Performance Liquid Chromatography", 
MiSbafla in mxxmdssx, 112., pp. 242-48 (1 986) reported'the 
separation of SMM from FHM by a modification of the metal 



chromatographic method of J. Porath et al. fHetal 






United States 




, A New Approach to Protein 
Nature (London), 258, pp. 598-99 (1975)]. 
patent 4, 432 , 895 refers to the conversion of 




into monomeric interferon by treatment 
with a redox reagent. However) none has documented a method 
for separating fully oxidized fast moving monomers. 
Due to the difficulties in isolating homogeneous FMM in its 
native conformation in high quantities, the need for a method 
its production still exists. 
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SUMMARY 



The present invention solves the problems referred 
to above by providing a means of isolating FMM in an 

— • • _ 




■ More specifically, it provides 
a method for separating FMM from non-interferon proteins, 
oligemic interferon, and Sm . Furthermore, our method 




separation of different FMM forms (i.e. FMM 1 
and FMM 2 ) from one another. 

According to this method, FMM is separated from 
other interferon (IFN) forms and non-interferon 




through various purification steps, m particular, the 
method involves immunoaffinit, chromatography followed by 




The two forms of FMM, FMM^ and FMM 2 , 
cannot be separated from one another by SDS-P AGE , because 
they are' identical in size. „ owever , we separate ^ 
on the basis of hydrophobicity and charge,, using reverse 
Phase HPLC and cation exchange chromatography, respectively 
According to this method, the FHM 2 can then be purified to 
homogeneity by gel filtration. 
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fiBIEE DESCRIPTION OF 2gE DRAWINGS 



Figure 1 outlines the purif ica-h i nr. 

purxrication process for producing 



the fully oxidized 
alpha-2 interferon (FMM 2 ) . 



form (fast moving monomer) of recombinant 

m 



Figure 2 depicts a typical preparative rp-hplc elution 
profile of the eluate from immunoaf f inity chromatography (A, ; 
the cation exchange chromatography elution profile of the 
FMM fraction from RP-HPLC (B) ; a second cation exchange 
ohromatography elution profile of the fmm fraction from rp- 
(C) ; and the Sephadex G-50 gel filtration 



FMM 2 from cation exchange chromatography (D) . 



Figure 3 depicts the improved RP- 
and PMM 2 resulting from increasing 
temperature from 25°c to 40°c. 



separation between fmm x 
the column operating 



Figure 4 presents the rp-hplc analysis of the recofflblnant 
IFN-alpha-2 fWM 2 purification intermediates . 

Figure 5 presents a RP-HPLC comparison of recombinant 
IFN-alpha-2 FHMi arid PMM 2 with IntronR a. 



Figure 6 presents . a rp-hplc comparison of recombinant IFN- 
alpha-2 Fm 2 with Intron* A and Roferon* A. 

Figure 7 depicts the tryptic mapping of ^ ^ ^ _ 

- The present method takes advantage of both 
hydrophobic and charge differences between th.no,.. 
so that individual i somers can be ^ 

produce pure and stable fuliv r, v ,-^,- ^ • 

xe ruJ - L y oxidized monomers. The 

antibody column eluant contai' ni '«« 

anx: containing recombinant IFN-alpha-2 

(the product of the first step i„ the purification process, 
also contains «... Amoving monomers, fragments, dimers 

and higher oligomers as well »«= T „ lT 

as wen as non IFN proteins. This 

protein mixture is bound to a reverse phase column (Th e 
separations Group, Hesperia, ca, principally through 
hydrophobic interactions, and the 




chromatographed by multiple isooratic fi e slnrll 

' ' single solvent 
concentration) elution steps. The f„, f . 

eps ' The fraction containing the 
FMM's is then bound to a cai-i™ 

_____ na to a ^tion exchange column. The cation- 



- ; — ii*e cation 
change step allows for the se D ar a <H™ * 

separation of protein molecules 
sed on the difference of their net Dnei 'K 

lr net Positive charge at a 

1 *%t5» . 





PH. By using an isocratic h„ff 

lc buf fered salt elution 

* ™ isomers are isolated . Based on ^ ^ j*. 

elution from the cation exchange column th a « ■ 

^ ^j-umn, these isomers were 
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named, ^ and ^ A size exclusion ^ ^ ^ ^ 

final step to effect a buffer exchange and to separate out 

any residual olicromers -p-i-™* 

yoiners r rom the monomer. The 

final purified rm 2 is characterized as a single species on 
sodium dodecyl sulfate polyacrylamide 




CSDS-PA GE) , isoelectric focusing gel electrophoresis (XB) 
and analytical reverse phase high performance liquid 
chromatography (RP-HPLC) . 



The present methods may be annH^ *. 

iaay oe applied to recombinant 

alpha- 2 interferon, as well as to natural alpha-2 interferon 

from leukocytes, or to alpha-2 interferon 
by organic synthesis. They may also be 



obtaining monomeric forms of other alpha i 




in purifying either naturally derived or geneti- 
cally engineered (i.e. recombinant) proteins, there is a 
Possibility of post-translational modification of the 

protein in addition to possible modified- 

"cation as a consequence 
of the purification process . Ihe se modifications »ay take 
the form of amino acid side chain chemical reactions, for 
example resulting in conversion o, methionine to methionine 
sulfoxide or deamination of amino acid residues such as 
aspargine and glutamine. Also, the removal of end terminal 



s are 



(carboxy or amino) residues by exopeptidase 
mechanisms for modification of the native protein. 



The purification process herein permits, at least 
in the case of IFN-alpha, the recovery of the biologically 
active pure monomer in its native or natural state. 



increased purity enhances stability, may decrease the 

risk of adverse reactions to contaminants, and elevates the 

specific activity of the resultant product. 



The FMM purified according to the methods of this 
invention may be formulated using known procedures to prepare 
pharmaceutical^ useful compositions, such compositions also 
will preferably include conventional pharmaceutically 



acceptable carriers and may include adjuvants, excipients or 





The resulting formulation will 
contain an amount of FMM to be effective ; in the intravenous 
parenteral or topical treatment with IFN-alpha. 

The FMM 2 of the present invention may be treated 
selectively with proteolytic enzymes or chemical reagents 
to obtain active fragments thereof, it may also be 
covalently or otherwise linked to polypeptides or other 
substances to create larger proteins or protein conjugates. 
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invention may be used in a 



The Wa purified according to the .methods o, this 

variety of forms. The preferred 
for, depends on the intended mode of administration and 

See, for example, United states 
4,680,175 (topical administration vehicle). The 

will depend on a variety of factors 
specific to the disease to be treated. 



.In order that thi«s imF«»4.4 

xnis invention may be better 

understood, the following examples are set forth. These 




ere for the purpose of illustration only and are not 
to be construed as limiting the scope of the invention. 



EXAMPLE I 




In this example we describe a process for the 

recombinant leukocyte (alpha) IFN FMM 2 from yeast 

which is essentially free of yeast proteins, 

fragments and aberrant forms of the interferon 
molecule. 





lve 



Expression of Recombinant 
Alpha-2 Interfe-rnr^ 

Recombinant DNA techniques were used to clone and 
express the IFN gene in yeast fSaccharn^c cerevisiae) 
using expression vector CGS 281 obtained from Collaborati 

, inc. (Lexington, Massachusetts) which is deposited 
with the American Type Culture Collection in Rockville, 
Maryland (ATCC No. 20663) . 

The feedstock to the immunoaf f inity column was a 
cell-free clarified lysate obtained from ; k f ermentate 



including yeast proteins. We obtained the clarified lysate 
through a multi-step procedure involving homogenization and a 
combination of centrifugation and tangential microfiltration. 
This produced a clear lysate which was then loaded onto an 
anti-IFN-alpha 2 monoclonal antibody-sepharose column. The 
subsequent eluate contains the IFN monomers and oligomers but 
only a small amount of non-lFN protein contaminants (e.g., 
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adsorbed yeast proteins) . The purification 
is set forth more specifically below. 




Be collected and broke open the genetically 
engineered yeast cells to release the recombinant IFK-alpha-2 
and removed the unbroken cells and cellular debris using 
centrifugation and tangential microfiltration. Be loaded the 
resultant clarified lysate ontc an immunoaff inity matrix 
comprising an anti- lra -aip ha -2 monoclonal antibody rLI Tl«, 
bound to sepharose. We obtained LIT1 monoclonal antibody 
from mterferon Sciences, inc. but other anti-alpha 2 
interferon antibodies could be substituted C see, 

e.g., United States patent 4 aji i„. . 

^ c 4,423,147; European patent 

application 91,543; Great Britain patent 2,111,527]. We 
Passed the lysate over our immunoaffinity matrix (hereinafter 
-LIT1/S", column to bind the recombinant %™-alpha to the 
»atrix and eliminate the majority of other lysate components 
and protein*. We washed the column with a phosphate buffered 
solution (pH 7.4, containing X .„ Nacl . and 5Q% (v/v) 
glycol. A second phosphate buffered solution (p H 7 4) . 
containing 0.15H Kaci was used until the o.D. 280 tracing of 
the effluent approached zero. After the LIT1/S matrix was 
washed thoroughly, the bound IFN was removed by elution 



-13- 



with an a=i dic buffer consisting = f ,. M citric acid , pH 
containing o. 3K Ka ci. ta aoetic aoid or glyoine buffer ^ 
be as effective an eluant. 



The immunoaffinity chromatography step could be 
eliminated fro* the overall purification process i, changes 
were made in the initial processing of the crude lysate. For 

example, the crude lvsate cnmn w 

xysate could be batch adsorbed onto an 

appropriate reverse phase or ion exchange media. Partially 

Purified IPN could then be removed in either a batch or 

column mode and the I FN further xmxlei** ae • 

r purified as mdicatd below. 

■ 

Reverse Phase Chromaf^g^ ^, 

"e then used RPc to separate the x» » from 



SMMs, dimers and higher oligomers and non-tFH-contaminating 




We conducted our reverse phase high performance 
liquid chromatography (RP-hplc, on a Waters Binary apLc 
system equipped with an automated gradient controller, two 
HPLC pumps, LC spectrophotometer, and a recorder/integrator 
The c-4 column < 22 «m by 250 mm; loum particle size; 300S p ort 

size) was equilibrated in o.l f%v/vi +^<*-, 

t.v/v) tnfluoroacetic acid 

(TFA) in water (HPLC grade, . The I FN was bound to the 
"verse phase column by loading the LITl/s eluate directly 
through pump A. The bound proteins were eluted from the c-4 
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column at a flow rate of is ml/min 



programmed gradient 



to the following 



Time 

0 
10 
11 
41 
45 
50 
51 



0 
0 
46 
46 
100 
100 
0 



Curve 



linear 



where solution B consists of 0.1% TFA (v/v, in acetonitrile 
(CH 3 CN, . The bound proteins that were subsequently eluted 
from the c-4 column were collected as individual fractions 
and the adjacent peaks corresponding to MM, and FMM, 




pooled for further purification. 

■ 

Referring now to Figure 2A , the fractions 
15.5 min. and 18.0 min. contain the FMM's. 
represent a relative area percent of about 25* of the total 
protein load. For this particular column and operating 
conditions, FM^ and FMM 2 were eluted at about 46%B. The 
ratio of fmk, and was about 50!5Q faased ^ reiawve 

Percents, but this ratio can vary to 10:90 m^.mu. The 



peak eluting at 14.55 min. contains non interferon proteins 
of yeast origin. 

optionally, hydrophobic interaction chromatography 
CHIC, could replace rpc, thereby obviating the use of organic 
solvents. Also, in scaling up the reverse phase step, a 
larger particle size column packing material could be used. 
This would permit the use of lower pressure chromatography, 
thereby obviating the need for expensive HPLC equipment and 
allowing for a more maintenance-free operation and greater 
ease in automating the overall system. 



Further 



— iiixyiit. 

include: use of gradient and/or isocratic solution; an 
increase or decrease in flow rates; organic modifiers other 
than acetonitrile such as n-propanol, 2-propanol, methanol, 
ethanol, dioxane and other substances used as eluting 
solvents; ion pairing agents other than TFA such as sodium 
dodecylsulfate, phosphoric or perchloric acids, or 
perohlorate salts; an increased (i. e . greater than 0-1%> 
v/v) , or decreased amount of the ion pairing agent; use of 
a stationary phase with other immobilized hydrophobic groups, 
such as c 3 , c 5 , c 8 , c 18 or phenyl; and operation at 

temperatures ranging from 0°C to *kO,, „ ,_ 

y iroi u c to 56 C. A change in any one 
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or more of 'the above parameters should aim toward optimizing 
the resolution between Fm 2 and other components. 

We have examined the effect of varying particle 
size in our c-4 packings and found that the loss of 
resolution between the monomer-species increased with 
increasing particle size using the elution conditions 
described above, but that the separation of monomer from 
other recombinant alpha-2 forms could still be accomplished 
while particle sizes were varied from 5 - 30 microns. 

' FMH-l and fmm 2 may be separated by reverse 
techniques based on the hydrophobic differences 





two species, for example, by changing the column temperature 
Figure 3 compares two chromatograms generated by controiling 
the column temperature at 25°c (Panel A) and 40°c (Panel B ) . 
The resolution between Tm 2 and FM^ at 40°c is far superior 
(peak separation about 3 minutes) to the resolution achieved 
at 25°c (peak separation about 1 minute) . 

We tested a S-200 gel filtration step at this 
but decided to use the C-4 column instead for several 
reasons: (1) large S-200 columns would be needed; (2) the 
sample would have to be concentrated prior to loading on the 
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S-200 ortmn, (3) the sample would be diluted auring ^ 
filtration; (4, the s-200 column has a li»ited capacity, (5, 
the s-200 chromatogram develops slowly (over a 24 hour 
period) , ana (s, resolution of oligomers, monomers and 
fragments by the s-200 column would be diminished in 
comparison with the separation which can be achieved with 
reverse phase chromatography. 

Stttian Exchange Chromal-n^ ,,^. 

Using cation exchange chromatography we separated 
the nm z and FMM 2 monomers based on the differences of their ' 
net positive charge at pH 5.2. 

We equilibrated the cation exchange column with 
O.OSK ammonium acetate, pH 5.2, after exchanging the sodium 
• oounterion of the CM-Sepharose CL-6B gel with ammonium. 
Although the acetonitrile and trifluoracetic acid from the 
RPC may be removed by dialysis, phase separation or 
lyophilization, we prefer to dilute the organic fraction 

containing the FMMs. The fi-a^n™ j... 

, me fraction was diluted approximately 

8-fold with O.OSM ammonium acetate, p H 5.2 and loaded 
directly onto the equilibrated CM-Sepharose CL-6B column 
(3.54cm x 14c, at a linear velocity of 25 cm/hr. The column 

was then washed with approximate i » *r,„ 

approximate ly two column volumes of 

0.05M ammonium acetate, dh 5 0 

' P" 5 -2 and then eluted with 0.15M 



WO 89/03225 



PCT/US88/03409 



-18- 



am °° nlUm aCState ' * « « • ^aar velocity of 9 .o CT/ hr. 
After we collects fraetions of the resolved rm, ana rm 2 
mononer peafcs, „e eluted off strongly bound oligomers using 

1.0M ammonium acetate D w < n , t 

e ' pH 6 '° at a linear velocity of 25 

cm/hr. Although a salt gradient eiui-i«« 

y UAenc eiution, such as 0.2M to 

0.3M ammonium acetate fnvt * n \ * 

acetate (pH 5.0) is acceptable, we prefer to 

11 CO +-Vl -I r. J_ 







production. 

Referring now to Figure 2B, the FMM^ peak elutes 
4 and 5 column volumes, while the FMM 2 peak 
between about 5.5 and 7 column volumes. 






The cation exchange chromatography step could be 
modified by decreasing or increasing the linear 



velocity; altering the eluant pH and/or ionic strength; using 
a buffer and counter ion other than ammonium acetate such as 
sodium succinate or sodium acetate; altering the column 
ge6metry; operating at higher temperatures (up to 56° C , • 



using gradient or isocratic eiution- 

, xutlon ' using an ion exchange 

matrix with a different ligand or linarns A * 

yana or ligand density, such as CM- 

sepnarose Fast Flow, SP-Sephade x , CM-Sephadex. CM-Trisacryl M 
or SP-Trisacryl M; or using a mechanically stronger support 

matrix than the soft oel Sen>ia>-«o~ 

" gei sepharose, such as CM-Fast Flow or 

CM-silica. Any changes in the nr n f««»i 

y rne protocol presented in the 

example should, of course be ^ ^ 

e ' ce introduced to increase the 
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resolution between FMM 2 and the other components, principally 

FMM^. 



Gel Filtration Chromat og r ar h Y 

Next we concentrated the FMM 2 peak from the CM- 

Sepharose column by ultrafiltration to a protein 
concentration of approximately 2 mg/ml. This was loaded onto 
a 2.5 cm x 80 cm gel filtration column (Sephadex G-50 
Superfine) which had been equilibrated with 0.05M succinate 
buffer, P H 5.0. We then eluted at a linear velocity of 3 • 
cm/hr using succinate buffer because it is an accepted 



excipient for parenteral drugs. Referring to Figure 2D/ the 
two resolved peaks which emerged from the column represent 
dimers and FMM 2 , respectively. The FMM 2 peak was collected ' 
and filtered through a 0.22 urn pore non-binding filter to 
yield a purified drug concentrate with a orotein 
concentration of about 0.5-1.0 mg/ml in 0.05 succinate 
buffer, P H 5.0. We observed that the FMM 2 of the gel 
filtration eluate appeared homogeneous on a silver stained 
SDS-PAGE gel. 



• 
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Any gel filtration column which will fractionate in 




weight range, such as Sephacryl s- 
200 superfine, Superose-l 2 , Practogel 50 s, Ultragel ACA 54 
and TSK-250 gel filtration matrices, could be used in this 
step. i„ addition, ultrafiltration could replace the gel 
filtration step to increase the speed of the operation 




, because it is unlikely that ultrafiltration would 
remove any residual dimer, gel filtration is preferred, 
finally, f0 r each step, the time of operation may be 
decreased by increasing the flow rate. 

Teble I summarizes the recovery "and yield per 
purification step for recombinant XFN-alpha-a ^ protein 
beginning with the antibody column elution. The overall 
percent recovery of mass is 5.8%. Ihe recovery with respect 

to the rm 2 content in the monoclonal antibody column eluate 
is 48.6%. 
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TABLE I 

+Total 



% 



% 



(mg) 



Recovery 
(Total) (Step) 



Immunoaffinity 2 66 100 

chromatography 100 



chromatography 



65 24.4 



Cation exchange 
chromatography 20.2 

Concentration 17 . 9 



24.4 



7.6 



31.1 

6 * 7 88.2 



chromatography 15.5 



5.8 



86. 6 



+ Estimated by optical density at 280 nm 



Next, we performed a cytopathic effect assay (CPE) 
to determine the specific activity of our purified FMM 2 , 
using the method of s. Rubenstein, et al. ! ["Convenient ' 




For interferons, » Journal of Virology, 21 PP. 755-58 (1981, ] 
First we incubated cells known to be sensitive to interferon 
with a serial dilution of the sample whose titer was to be 
determined. A challenge virus was added to each dilution. 
After incubating again, we observed the level of dilution 
which achieves a 50% reduction in viral cytopathic effect on 
the cells. Concentrations in terms of standard units were 
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determined by simultaneously petforming ^ Qn 

standards, such as those established by the 

National Institutes of hmh-i, q . . * 

or wealth, Bethesda, Maryland. 

a 

we observed that the specific activity of „ as 

a*™* 2.3 * 10« prote . n comparea ^ ^ ^ ^ ^ ^ 

protein for unfractioned recombinant alpha purified 
simply by immunoaffinity (i.e. UM/S) chromatography. 

■ 

EXAMPT/R li 

to this example, the lysate "clarification" 
procedure was simplified, only low speed centrifugation was 
used, as a result, the immunoaffinity column feedstock was a 
cloudy lysate. We used a fluidized bed reactor for the 



iBmunoaffinity chromatography in order to process the 





We included a three part isocratic 
elution program for the rpc step because ^ 

eluate contained substantial amounts (up to 35%) of non IFN 
Protein contacts, such as yeast proteins. The fi rst step 
essentially removes the contaminating yeast 




second elutes the IFN FMMs for ^w>, . . 

runs for further purification by cation 

exchange chromatography; and the fh,^ ~ 

*< jr ana me third removes the bulk of 

the IFN SMMs, oligomers and fragments. 




After processing over the LIT1/S fluidized bed- we 
about 600 mg recombinant IFN-alpha-2 in the elution 
fraction representing about 50% of the recombinant iFN-alpha- 
2 in the crude lysate. The LIT1/S eluate (7.2 liters) was 
filtered over a 0.45 micron membrane and loaded onto a 

preparative Vydac C-4 (22 mm v ^ - 

m mm x 250 mm) reverse phase column 

in eight portions. Each load was eluted with a multi-: 
isocratic gradient of acetonitrile as shown below: 
■Time (min . \ %B 




0 
10 

11 

20 
21 
36 
40 
45 



Curve 

0 

* 



0 
43 

43 * 
46 

46 * 
100 

100 * 




The FMM fraction representing the elution from 
about 24.5 to 26.0 minutes from each run, was pooled. 
We recovered 105 mg of FMM from the LITl/s column eluate, 
representing 92% of the theoretical yield of lis mg, as ' 
determined by analytical RP-HPLC. 

The FMM fraction was diluted to 6% (v/v) 
acetonitrile with 0.05M a^noniu* acetate, pH 5.2 and loaded 
°nto a 200 ml (4.4 X 14 c, cation exchange column (CM- 
sepharose CL-6B) . The coluan was eiuted isocratically with 
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0-14 H ammonium acetate, P H 5.2. our results are depicted in 
Figure 2C. The slight decrease in the molarity of the 
ammonium acetate buffer (0.15M to 0.14M) improved the 
resolution between FH^ and FMM 2 over previous separations 
(see Example I) . We combined fractions representing the FMM 2 
peak and concentrated them to about 5 mg protein/ml using 
ultrafiltration. The concentrated FMH 2 was loaded onto a 

G-50 Superfine gel filtration column to 




remove trace oligomers and exchange ammonium acetate for 
0.05H succinate buffer (p H 5.0). The protein concentration 
of the Fm 2 eluate from the gel filtration column was about 1 
mg/ml and had a specific activity of about 2 . 2 x 10* units/mg 



the recovery and yield per 
purification step for FMM 2 . The overall recovery -based ■ 



was 7.3% from the total protein and about 50 
relative to the total FMM 2 contained in the LIT1/S column 



% 
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TABLE II 



LIT1 monoclonal 600 
antibody 



chromatography 

Cation exchange 
chromatography 

Gel filtration 
chromatography 



105 



49.4 



43.5 



+Total * 

Protein (Total) 
(mg) 



100 



14.4 



8.2 



7.3 



overy Sp.Act. 
(Step) (xl0~ 6 u/mg) 



100 



17.5 



47.0 



88.1 



116 



168 



149 



210 



+ Estimated by optical 



at 280 nm 



profiles 
and 



4 depicts a comparison of analytical rp-hplc 
each intermediate of the purification process 
the homogeneity of the FMM 2 final purified 



drug concentrate 
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EXAMPLE • III 

Charac-fcg rizatH cm Q f 
152*1 and FMM 2 




We prepared samples of fmk 2 tor characterization 



To prepare the FMM 1# we further purified 
our samples by rechromatographing the cation exchange FMM, 




on HP-HPLC and collecting the peek corresponding to 
FMMi to remove any residual rm 2 or SMM. ln side-by-side 
analysis, the specif ic activity of ^ wa s found to he about 
the same as that for FMM 2 (about 200 x 10* u/mg) . 

f , 

A. Isoelerrrin Focusing Gel 
Electr ophoi-ftgi c _£XEF 

We analyzed samples using a modification of 
technique described by A. winter ["Analytical _ 
focusing in Thin Layers of Polyacrylamide Gels" 






Note 250 (1977) ] . samples were diafiltered 
5 mH Tris-HC L , p H s.o, and concentrated in an Amicon 
Centricon™ unit equipped with , 10 000 ^ aelnbrana> 

Electrofocusing was performed with LKB (Bromma, Sweden) 
analytical electrofocusing equipment using horizontal 
Precasted 1KB Ampholine* pag plates (pH 3.5 to 9.S, . Prior 
tc the application of about 10 ul of each sample (approxi- 
mately 5-10 ug protein) the gel was prefocused for 0.5 hours 
at 50 watts of constant power. The electrophoresis was 
Performed for 1-2 hours with cooling or until constant 
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current „ as achieved. We obtained the isoelectric point 
carters from Pharmacia Pine Chemical, Inc. (Piscataway, NJ) . 
The gel was fixed overnight at room temperature in a 30% 
methanol, 3.5% sulfosalicylic acid, 11.5% trichloracetic acid 
solution. The gel was then stained at 60°c for 10 min. using 
0.1% (w/v) coomassie brilliant blue R-2S0 in 8% acetic acid 
in 25% methanol. Finally, the gel was destained to a clear 
background by diffusion in a solution of 8% acetic acid in 
25% methanol. 

The results of .our IEF gel electrophoresis 

that FMMn had a pi of about 5 as *w 

x aeout o.ss, while that of FMM 2 was 

about 6.06. 

4 

We do not believe that the difference in 
isoelectric points between Fm x and FMM 2 is attributable to 




sulfoxide residues, because the peptide maps 
of the cyanogen bromide digests from the two monomers were 
indistinguishable. 

B * S? 1 2?. D S deC ? 1 Su l fate Polyacrylamide 
2£i Electro phoresis (SDS-PAftP) 

We analyzed our samples in 5 mM Tris-HCL, p H 8.3 
according to the method of u. K. Laemmli [ "Cleavage of 
Structural Proteins During the Assembly of the Head of 
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Bacteriophage (London) # ^ ^ ^ 

Ka mixed a volume of the concentrate, comprising 5 to 10 ug 
Protein, with a volume of sample buffer , tQ yUM , ^ 
concentration of o.l* sds (w/v, lo* glycerol (v/v) .„ u m 
Trrs-HCI,, pa 6.8. ^ samples were tten heataa ^ ss0c 



minutes. When reduced samples were required, 2- 
mercaptoethanol „es edded to the samples to e final 



concentration of lo% (v/v) . w« am ;t 

>»/v; . we applied the samples to 





in a 4% polyacrylamide stacking gel (l.o x 18 
x 0.75 cm) and eleotrophoresed them over a 14.s% 
polyacrylamide resolving gel (16 x"l 8 x 0.75 ^ 
containing o.l% <w/v, SDS . w e performed the electrophoresis 
at 30 milliemps constant current, with cooling, until the 
tracking dye front (bromophenol blue, migrated to the bottom 
cf the gel (approximately 3 hours, . The gel was fixed and 
^ for about 1 hour at room temperature with 0 . 1% („ /v) 

«t niue R 250 in isopropanol/acetic 
acid/water ,„,„,«,. and destained to a clear background by 
Effusion with methanol/acetic acid/water ( s:l 0!85) . ^ ±t 
— necessary to increase the sensitivity of the staining 
— . cr. when the protein loaded onto the gel was below 
the limit of detection by coomassie blue staining, the gels 
-re stained with a o.oi 2 „ silver nitrate ^ 

-cording to the procedure of c. „erril et al. fsimplified 
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Protein Detection and Image Enhancement Methods in 

Polyacrylanide Gels « Electron*,,,.., • 

' . Eieotrop horg-,-, 3, pp. 17 _ 23 (1982)] 



Using SDS-PAGE analysis , we found 




■able under both nonreducing and reducing 
conditions. under nonreducing conditions, both migrated with 

an apparent molecular weicrht- =w ^ , 

we ignt of about 19,000 daltons. 



C. Amino Acid 



We determined the concenti-at-i 

wwncenrration of amino acid resi- 

dues using hydrochloric acid to hydrolyze between o . 5 to 1 o " 
nanomole of sample at standard conditions o, about ioo°c for 
24 hours according to the procedure of j. „. Ktmlml ^ and G> 
0. Winter C »A»ino Acid Composition oetermination", 

ssaaanaa flstsmaailan, pp. 9 i- 95 a970)] . Por the 

determination of met and cvs concentrations, perforce acid 
hydrolysis was performed. We analyzed the amino acids of the 
resulting hydrolysate using a Surra- Model D-5oo amino acid 
analyzer with ninhydrin and fluorescence for detection. 

* 

A total of 8 samples each of fmm 2 and fmm 1 „ ere 
analyzed. The mean and standard deviation are presented in 
Table in. 0ur results ind . oate that there ^ ^ significant 

difference between FM, and FMM 2 based on amino acid 
composition. 
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TABLE III 



Residue 

ASX 
THR 

GLY 
ALA 
VAL 
HIS 
ARG 
TYR 
PHE - 



ILE 

LEU 

LYS 

PRO 

CYS 

MET 

TRP 



Amino Acid Analysis (±standard 



deviation) 



FMM1 



13.91 
10 
7.44 
8.86 
6.61 
2.93 
10.47 
5.20 
9.51 
13.89 
28.06 
7.39 
20.47 
9.97 
4.99 
4.00 
5.35 

2** 



(±1. 05) 



(±1 

C+0 

(+0. 

(+0. 

(±0. 

(±0. 

(±1. 
(±0. 
(±0. 
(±0. 

C±i. 

(±0. 
(±0. 
(±0. 
(±0. 



.10) 
.53) 
.36) 
.53) 
.82) 
.09) 
37) 
55) 
82) 
61) 
83) 
89) 
54) 
85) 
35) 



FMM2 



14 

8 
8 
6. 

3. 
10. 

5. 

9. 
14. 
28. 

7. 
20. 
10. 

4. 

3. 

5. 



22 (±1.20) 
10 

°2 (±1.87) 
(±0.69) 
(±0.21) 
(±0.63) 
(±0.95) 
(±0.16) 
(±1.09) 
(±0.50) 
(±1.07) 
(±0.68) 
(±2.46) 
(±1.20) 
(±1.26) 
(±0.49) 
(±0;21) 



.91 
.40 
.05 
.66 
.17 
.67 



16 
48 
76 
04 
46 
85 
35 



Predi ct-grf* 

12 
10 

5 

8 

7 

3 
10 

5 
10 
14 
26 

8 
21 
10 

5 

4 

4 

5 



2** 



* As determined from the cDNA nnni^-j 
cloned IFN alpha 2 gene and ?hS * ^2 ? S 
sequence. d the Putative 



165 



sequence of the 
amino acid 
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D. N-Terminal Sequencing of 

FMM j_ and FMM 2 



About 0.5 to l.o nanomole of an S-carboxy 
methylated sample was dissolved in TFA and sequenced on an 
470A gas phase sequencer (Applied Biosystems, using current 
automated Edman degradation methodology [M .W. HunKapiller and 
L.E. Hood, "Analysis of Phenyl thiohydantoins by 



Ultrasensitive Gradient High Performance Liquid 
Chromatography", Methods m Ejizvjsology, pp . 4 86-93 

(1983)]. The PTH-amino acids were analyzed by rp-hplc on'a 
Waters Model 6000 gradient system with WISP autosampler and a 
fixed wavelength detector. We analyzed our data using Nelson 
Analytical Software and an IBM computer. 



FMM 2 Results * 



5 

10 



CH.CYS - ASP — LEU — PRO - GLN - (THR, - HIS - SER - LED -GLY 

SKR - ARG - ARG - (THR, — LEU - MET - LEU - LEU - ALA - GLN 

22 23 
MET - ARG - ARG - ILE 



The N-terminal sequence for FMM-. corr« nft «^ ~ 

xiiw 2 corresponds exactly to that 

published for the mature recombinant alfa-2 IFN [D. V. 
Goeddel, etal., "The Structure of Eight Distinct Clone Human 
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Leukocyte Interferon cDNAs" Nature „ n 

' mature, 290, pp. 20 . 26 (1981 

except for position 23 where Cn**^-, 

nere Goed del predicts a LYS. The 

amino acid residues enclosed in M r 6n ^ a 

Q in Parentheses represent 

uncertainty in our 

FM^i Result . 

we were unable to ofctain sequence data us ^ 

~ — - ~«- P-e^e. We concluded , 
that the protein is bl oo*ea at its K-ter»in«s. 



E. 



Determination of Sulfhydryl Groups 



of « T SUlfhydrYl ^ ln 9 oration 

* and ^ using Ellmanls ^ 5I . dithiobis 

nxtrobenzoic acid) (DTNB) using a 



a »uwuiiicacion of Habeeb's 
Precede [A . P .S. A . Ha.ee., .Reaction o f Protein Su lfhyteyl 
croups wlth Reagent( „ mutam ^ emm21s ^ - 

cm*,,. we gantly ^ SS6 ul 9f a 6H gu _ hc ~ 

Solution fr^XT a -> \ « . 



o u ion (pH 8.3) containing 20 mM EDTA, about lo nanomoles 

of sample protein in 327 ul of o * m m . T 

„ Ul of 0.5 M Tns-HCl (pH 8.3, 20 mM 

EDTA) , and 90 ul of. 10 mM DTNB in water at ™„ . 

• • warer at room temperature 

for 30 minutes. We measured the ^ 

trm M the absorbance a * 412 nm using 

freshly prepared cysteine solution • o 

tl0n < 2mM ) m 20 mM EDTA (pH 
8 -3) as a standard. The moi^v. . . 



th . m ° lar exti nction coefficient under 

these conditions ranged from 13,000 to l 3 fi nn 

. ' t0 13 ' 600 ' which agreed 

well with the reported value 
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Our results for both FMM^ and FMM 2 indicated less 
than 0.1 moles of SH per mole of protein, representing that 
. both our FMMi and FMM 2 are fully oxidized. 

F ' MoSid^hro^^ 36 Z ha ** High Performance 
liquid Chroma tograejiy. f RP— hpt.<?) 

RP-HPLC was performed on a (Waters) Binary HPLC 
System equipped with an automated data controller Model 680, 
two Model 510 pumps, an LC spectrophotometer Model 481, a 
Rheodyne injector, a Waters column temperature control module 
and a Shimatzu recorder/ integrator. 

We analyzed samples of at least 20 ug with a 
Vydac c-4 reverse phase column (4.6 mm x 25 cm; 5 urn 
particle size) maintained at a constant temperature of 40°c. 
The column was equilibrated in 0.1% (v /v) trifluoroacetic 
acid (TFA) in water. We developed a gradient elution at 1 
ml/min flow rate with acetonitrile (CH 3 CN) in 0.1% (v /v, TFA 
(Solvent B) according to the following program: 



Time & 



B 



0 5 

5 5 * 

15 45 

45 45 LinSar 

50 100 

J-l-LiJ 

* 



55 ioo Linear 



We monitored the column effluent for absorbence at 280 



nm 
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^der these chromatographic conditions, we observed 
that w, and ^ each migrates essentially as a single 
metrical pea* at a retention o f 27. 6 minutss (see ^ 

4, step 5) and 30.4 mimitec: f***.^ ^ . 

* minutes (data not shown) , respectively. 

G. Tryptic ^pping of and Frg*2 

We purified TPCK-treated trypsin according to the 
method of Rovery C Methods ijj Ensymp^pay vol xr 

y QqY ^ Vo1 * XI / PP. 231-39 

(J-967)]. About two nanomoles of * 

moj.es of a 5-carboxamidomethylated 
sample was digested two times with a 1-7* w • k* 

as wjxn a 1.75 weight ratio of the 





trypsin to protein (FB l or « 2 ,. The dlgestion 
carried out in 0.1* NH4HCO3 , pH ,. 0 . f or 2 hours at 37°c 
r digestion, the p H or the peptide Mixture was adjusted ' 
to 2.0 with 2% T FA in water. The peptide mixture was dried 

and twice redissolved in o u mr,* . 

m o.lo TFA xn water and dried again. 

Anally, the peptide mixture was taken u ^ n , 

. ^ajcen up m a known volume 

of 0.1% aqueous TFA. 

"e generated tryptic »aps using R p- HPl c. 
about 2 nanomoles of each digest separately onto a reverse 
Phase column (Vydac c-ls, 5 micron particle . ^ ^ & ^ 

4.6 mm x 250 mm) equilibrated at 95% „ a ter, 5% 

acetonitrile (0.1% tfa) . Th= r™,. • ^ 

' The peptides were eluted at 30°c 
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with a linear gradient of 0 . 23% acetonitrile per m . nute 

5—502- acetrmifr*! 

ewmmie. Peaks were monitored at 215 nm. 
As controls, we ran: (a) trypsin alone, using the 




as those used for the peptide mixture; 
(b) undigested Fm 1 or PMM 2 ; and (c) alkylated, nondigested 
FMM X or FMM 2 . Th e control runs were found not to i 
with the .peptide maps as presented in Figure 7 . We 







between the Fm ± and FMM 2 monomers ( 
Figure 7) . 



i 
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Bxamp l g iv 



We obtained latron A and Roferon A from a looal 
pharmacy and analysed the respective interferon compositions. 

This was accomplished bv usi™ - 

neo ay using a rapid assay for determining 

recombinant leukocyte interf»mn »i u . • 

y e interferon alpha-2 in complex mixtures . 

The assay t elies on tne use of a high performance monoclonal 
antibody affinity column connected in tandem with a reverse 
Phase HP!* column [L . R y ba =ek et al., ,. Rapid 
Chromatographic A*say Por Recombinant Leukocyte Interferon 

aipha-2-, ^ aaitofe , , ^ pp . 355 . 64i (1987)] 



collection of the interferon from the rapid 
assay system, we loaded either the HSA-free mtron A or 
Koferon A onto an analytical Vydac c-4 column (4 . 6 . x 250vm . 
5 micron 

particles size) and developed the ch™™*^ 

f «u tne cftromatogram with a step 

gradient to 44% acetonitrile in o l* 

xe in o.i« trifluoroacetic acid at 

1 ml/min. Referring to Figure 5A m «k 

j-gure 5A, we observed that Intron A 



as one peak with a retenfi' n « *.« ^ , 

retention time of 16.7 min. a 

mixture of recombinant IFN-alpha-2 fmm ^ 

pia * fMM l and FMM 2 was then 

chromatographed under identical ^wk*-- 

UCal conditions. The FMM 2 eluted 

at a retention time near Intron A fls a «h« i w 

* wii a (16.8 mm.) whereas FMM, 



s 



In a 



eluted one minute later at 17.8. min (Figure SB), 
further study, „e subjected mixtures of equal amounts of 

* 

intron a and recombinant IFN-alpha-2 FMM, and equal amounts 
of intron A and recombinant IPN-alpha-2 f«m 2 to the reverse- 
Phase chromatography as described above. Referring to Figure 
50, FMM 2 and intron A were found to coelute from the reverse- 
Phase column, while Tm, and Intron A showed unique retention 
times (Figure. 5D) . 



In a separate experiment, the reverse-phase 
chromatograms for Roferon A, intron A and recombinant ifn- 
alpha-2 rm 2 were compared. Referring to Figure 6, the main 
peaks in each sample had closely 





times, but the Roferon A (Figure 60) contained a trailing 
shoulder on the main peak. These results suggest that 
Roferon A is more heterogeneous or that it contains more 




products than either recombinant alpha 2 FMM 2 
(Panel A) or Intron A (Panel B) . 



We also compared recombinant IFN-alpha-2 fmm 2 to 
Intron A and Roferon A using isoelectric focusing gel 
electrophoresis. Our results indicated that recombinant IFN- 
alpha-2 FMM 2 had the fewest isoelectric species, mtron A 
showed at least two isoelectric forms and Roferon A had at 
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IT " hile « «-« »ly one rorm. UM , ^ 

z: ana in Rof er ° n a «- - «. POint that s 





to the primary structural differ... u - 

2 and alpha A „hi=h • ^ between al P»a 

Pna A, whiC h ls an arginine to l ysine 

Position 23 of the polypeptide chain. 

in another study, we compared m,, to Intro „ . „ 

Rof eron A after SDS-polyacrylamid. , 

Wcrylanid, ge i electrophoresis under 
~* non-reducing and reducing conditions, our results 
indicate -f-K-,4. _. _ its 



Were distinguishable with* 
respect to si ze , except that In tron A contained 

a trace amount o f dimers, and Rof eron A contained some 

high molecular weight proteins. 




Stability of Recombinant-IFN 

2 FWI 2 gurified Concentre. 

* • 

Recombinant IFN-alpha-2 FMM 2 purified concentrate 
(SPA 2.3 x 10« u/mg> was stored at 0.48 mg/ml in 0 , 0SM 
succinate buffer, pH 5.0, at several temperatures <-20°c 
4°c, 250c and 37°c, for four weeks. „e evaluated each 
temperature point for activity with the CPE assay and 
degradation with SDS-PAGE. Even after four weeks at 37°c 



the specific activity was unchanged (averaging approximately 
2.5 x 10= u/»g) . Additionally, after seven weeks at 37°c 

M em. ^ . _ • > 




is of iMM 2 by SDS-PAGE on a silver stained gel 
failed to reveal any oligomers or degradative low molecular 
. weight products in the non-reduced sample, and there was a 
trace of low molecular weight material in the reduced sample 

While we have hereinbefore presented a number of 
embodiments of this invention, it is apparent that our basic 
construction can be. altered to provide other embodiments 
which utilize the processes and compositions of this 

invention. Therefore, it will be amr .„i, t ^ 

11 De appreciated that the scope 

°t this invention is to be defined by the claims appended 
hereto rather than by the specific embodiments which have 
been presented hereinbefore by way of example. 
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CLAIMS 



A method of i?nia<-i»» 
human alpha-, i nt °l 1S ° latln9 the «»"y oxidized form of 

essential f r ' £ 7^ ~ <™>< 

slow moving monomers (S „^ and oll redU ° ed ° f 

interferon and of non-int r'eron IT" °' leUk ° Cyte 

etreron Protexns comprising:" 

• a ' uT a l h unp ,T ified human alpha - 2 lnt *««- 

or Itma ; C ° ntainin ' th * «-Uy o-iaized form 
of human alpha-2 interferon fast moving monomer 

u i r — "~ and. 



b- loading the produot of step ( a, on a cation 
exchange column and eluting; 

c loading the proauct of step (fa 
t"n column and elating, and 

^ f r :r C m°: 6rin9 ro ° Vln9 ' *» P««ied 

2. The method of claim 1 ..u 

«« — by ^n 0 a«i„;;;::Ltt: g h :ap:r pha - 2 is 

fluted 'fro^'thT" 03 ° £ Clal " 2 ' Wh6rein »-lpha-2 is 

the .mmunoaffinity column by „ acidic 

4- The method of claim 1, wherein ^ 

column is a 04. column and the P«„ , r6VerSe PhSSe 
4-^,-*i ne FMM is eluted wii-h n u 

tnfluoroacedic acid and 46% C H 3 CN. 



5. The method of claim 1, wherein the cation- 
exchange column is an immobilized carboxymethyl column. 

6. The method of claim 1, wherein the FMM is 
collected from the gel filtration column beginnning at 
about 0.45 fraction of the total column volume. 

7. The method of claim 1 in which the reverse phase 
chromatography of step (a) is on a C-4 column, the ion 
exchange chromatography of step (b) is on a carboxy- 
methylated column, the eluting agent in step (a) is tri- 
fluoracetic acid in acetonitrile, and the eluting agent of 
step (b) is ammonium acetate. 

8. The method of claim 1 wherein the elution of step 
(a) is carried out under isocratic conditi 



ions 



9. /The method of claim 1, wherein different- PMMs of 
alpha-2 interferon are separated on the basis of charge 
and hydrophobic! ty. 

10. A fully di-sulfide bonded form of alpha inter- 
feron essentially free of partially or fully reduced forms 
of alpha interferon, slow moving monopers and oligomers of 
alpha interferon and of non-interf eron proteins. 

# 

11. The PMM according to claim 10, wherein the 
interferon is human alpha-2 interferon. 

12. The FMM according to claim 10, having a specific 
activity of at least 1 x 1 0 8 units/mg. 
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«*« poi y ;: P :L::.' 0 ' in corabination Bith ° n * « — 

effective * C ° mPOSition Rising a pharmaceutical^ 
effects amount of PMM according to claim ,o, for the 



centilailv A Jr iCal C ° mP ° Sltion rising a pharma- 
ceutical:^ effective amount of pmm according » , . 

in combination with a suitabie carrier ' '°' 

16. A fully di-sulfide bonded form of human aloh a , 
interferon (PMM) essentially free of „.«.■„ alpha-2 
reduced forms . f ° f Par " aU ' ° r 



reduced forms of alpha-interferon, slow m " £ ^ 



proteins, prepared according to the process ITcZZ" 

first'oarJ'V" to <*aim '6, Prepared by 

^^L^ 1P, ™ a - 2 *~ 

18. The fmm accordina to 

9 to claim 1:6. DrenaroH k.. i ^ 
mg IFN-alpha-2 onto a r a Prepared by load- 

in* with tLxuo^etic c J!" 6 ^ ^ ^ 

collecting the eluat and l , aCet ° nitril * - step (a)f 

methylatel col Jh and el , 9 ' ^ 3 C3rb ° X ^ 

step (b) Utln9 With airan ° nium *^tate in 



19. The PMM according to claim 16, which is 
collected from the gel filt^.,^ , 

about n a* * t - filtration column beginnning at 

aDout 0.45 fraction of the rn i- a i 

cne total column vol 
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20. The different PMMs of alpha-2 interferon, 
separated on the basis of charge and hydrophobicity . 

21. The separated monomers FMMt and fmm 2 , and frag 
ments thereof. 
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